(12) INTERNATIONAL AI^^ATiON PUBLISHED UNDER THE PATENT clBl^RATlON TREATY (P'CT) 



(19) World Intellectual Property Organization 
IniernaiionnI Bureau 

(43) International Publication Date • 
22 November 2001 (22.11,2001) 




PCX 



lllilillllllilliillll 

(10) International Publication Number 

wo 01/88150 Al 



(51) International Patent Classification^: C12N 15/56, 
1/20, A23C 9/12, 19/032 // (C12N 1/20. C12R 1:23) 

(21) Interuationnt Application Number: PCT/EPO 1/04941 

(22) liiteniational Filing Date: 2 May 2001 (02.05.2001) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
00110379.5 



15 May 2000 (15.05.2000) EP 



(71) Applicant (for all designated States except US)i SOCI- 
ETE DES PRODUITS NESTLE S.A. [CH/CH]; P.O. Box 
353, CH-1800 Vevey (CH). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): GERMOND, 
Jacques, Edouard [CH/CH]; Chemin des Cedres 18, 
CH-1023 Crissier (Clf). MOLLET, Beat [CH/CH]; 
Avenue de TEspianade 9. CH- 1012 Lausanne (CH). 

,(74) Agent: STRAUS, Alexander; Becker, Kurig, Straus, 
Bavaiiaslrasse 7, 80336 MUnchen (DE). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU. 
AZ, BA, BB, BG, BR, BY, B2, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ. EE, ES, H. GB, GD, GE, GH. GM, 
?rR, FfU, ID, IL, IN, IS, JP, KfirKG, KP, KR. KZ, LC, LK, 
LR, 1^, LT, LU, LV, MA. MD, MG, MK, MN, MW, MX, 
MZ, NO, NZ, PL, PT, RO, RU, SD. SB, SG, SI, SK, SL, 
TJ. TM. TR. TT. TZ, UA. UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIIO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, H, FR; GB, GR, IE, 
IT, LU, MC, NL, PT. SE. TR). OAPI patent (BF, BJ, CF. 
CG, CI, CM, GA, GN. GW, ML, MR. NE, SN, TD. TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



in 

T— t 

oo 
oo 



(54) Title: PROBIOTIC LACTIC ACID BACTERIA, UNABLE TO UTILIZE LACTOSE 

(57) Abstract: The present invention pertains to a Lactic acid bacterium having probiotic properties and being deficient in using 
lactose as a carbon source for the preparation while still retaining the capability of translating p-galactosidase. In particular, the 
present invention relates lo the use of such micro-organisms for the preparation of a food product containing lactose. Moreover, the 
present invention also relates to food compositions containing such micro-organisms. 



Best Available Copy 



wo 01/88150 PCT/EP01/()4941 



PROBIOTIC LACTIC ACID BACTERIA, UNABLE TO UTILISE LACTOSE 

5 — 

The present invention pertains to a Lactic acid bacterium having probiotic properties and 
being deficient in using lactose as a carbon source for the preparation while still 
retaining the capability of translating fi-galactosidase. In particular, the present invention 
relates to the use of such .jnicro-organisms for the preparation of a food product 

10 containing lactose. Moreover, the present invention also relates to food compositions 
containing such micro-organisms. 

Micro-organisms producing lactic acid upon growth in a lactose containing medium 
have been known for long and are generically summarized imder the group "Lactic acid 
15 bacteria". This group comprises micro-organisms exhibiting quite different phentoypic 
traits, such as Lactococci, Bifidobacteria, Lactobacilli, Pediococci etc.. 

In the food industry Lactic acid bacteria have been utilized for different purposes such 
. as for the preservation of food taking benefit of a low pH and the action of fermentation 
20 products generated during the fermentative activity thereof. Also for the direct 
preparation of a variety of different foodstuff such as cheese, yogurt and other 
fermented dairy products, use is made of such bacteria. 

In the recent past some strains of Lactic acid bacteria have been isolated which are 
25 capable to contribute to the well-being of man and animals. Most of these strains have 
been found to be able to colonize the intestinal mucosa thus preventing the infestation of 
the individual's gut by deleterious micro-organisms and/or to be able to produce 
compounds that stimulate the individual's immune system. 
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In the food industry these strains are presently used for the preparation of so called 
"probiotic" products. Probiotics are considered to be viable microbial preparations 
which promote the individual's health by preserving the natural micro-flora in the 
5 intestine. Yet, a crucial prerequisite for their action resides in that they have to reach the 
guts' mucosa in an essentially proper and viable form and do riot get destroyed in the 
upper part of the gastrointestinal tract, especially by the influence ^f the low pH 
prevailing in the stomach. 

10 In WO 97/00078 such a strain, Lactobacillus GG (ATCC 53103), is described. This 
micro-organism shall be empjloyed in a method of preventing or treating food induced 
hypersensitivity reactions. To this end, it is administered to a recipient together with a 
food material that has been subjected to a hydrolysis treatment. The Lactobacillus strain 
selected is described to exhibit a protease enzyme system, thus being capable to further 

15 hydrolyze the food stuff by means of proteases secreted by the specific Lactobacillus 
strain. 

In EP 0 577 903 a strain of Lactic acid bacteria is described that has the capability of 
displacing Heliobacter pylori, a micro-organism known to cause ulcer, on intestinal or 
20 gastric cells. This micro-organism is proposed to be included in an ingestable carrier to 
be used for the therapeutic or prophylactic treatment of an ulcer associated with the 
action of Heliobacter pylori. 

Further, in EP 99 104 922,2 specific strains of Lactic acid bacteria are described that 
25 have the capability to prevent colonization of an individual's gut by pathogenic bacteria, 
that cause diarrhea, such as particular strains of E. coli or salmonella. 

In order to provide such beneficial strains and the properties thereof, respectively, to 
consumers they are most often included in dairy products, such as in a yoghurt. Yet, 
30 most of the probiotic Lactic acid bacteria strains known so far do not grow sufficiently 
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well in milk to be capable to produce some lactic acid and, hence, at least partly to 
acidify the milk products. However, in most cases, other lactic acid bacteria are added- 
to the product with the probiotic strains to complete the acidification process which 
leads to the final fermented end-product. Rapid fermentation brings about an increased 
5 concentration of live probiotic bacteria in the fmal product and ensures a prolonged 
shelf life of the fermented product in respect to its raw material, milk. 

Though, with a view to the shelf life and maintenance of the product, the lactose 
fermentative activity of the micro-organisms, once the fermentation process has been 
10 completed, is not desirable. On the other hand it is a desired trait that the micro- ^ 
organisms should assist in the degradation of lactose in the gut, when lactose containing 
food material is incorporated. 

Thus, there is a need in the art for avoiding the shortcomings of the state of the art and 
15 to enable the provision of probiotic milk based products, that do not acidify the product 
during processing and storage, but still provide active beta-galactosidase to the benefit 
of the consumer upon consumption of the product. 

This problem has been solved by providing Lactic acid bacteria as such probiotic 
20 strains, that are deficient in using lactose as a carbon source and that are still capable to 
translate the fi-galactosidase gene. 

The present inventors have now found that when using probiotic Lactic acid bacteria 
that are deficient in using lactose as a carbon source, such that no lactic acid is 
25 produced, the acidification and maintaining quality of products to which such strains are 
added are not essentially changed. 

The probiotic Lactic acid bacteria are preferably selected from the group comprising 
Lactobacillus johnsonii, L. gasseri, L. acidophilus, L. rhamnosus, L. casei, and L. 
30 r enter i. 
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4 



In order to attain the desired traits, being unable to utilize lactose as a carbon source but 
still retaining the capability of translating the B-galactosidase gene, the Lactic acid 
bacterium preferably has a mutation in the lac-operon such that lactose may not be 
5 utilized as the carbon source. This mutation may relate to a regulatory region, or gene 
or to one or more of the structural genes selected from, e.g. the permease gene. 

In a particular preferred embodiment the Lactic acid bacteria are CNGM - I 2369 -and 
CNCM - I 2474, which micro-organisms have been deposited according to the Budapest 
10 Treaty with the Pasteur Institute, Paris, France on December 17"" 1999 and May 9*, 
2000, respectively. 

It has surprisingly been recognized that by using such strains in products containing 
lactose, such as milk, the probiotic properties of said strains can be included in an 

15 increased number of products. It is now feasible to provide so called "value added'VXood 
products, i.e. products to which probiotic strains have been added, which probiotic 
striain do, however, not kcidify or ferment the product. As an example for such a "value 
added" product common milk, supplemented with a health beneficial probiotic strain, 
may be mentioned. That is, the probiotic strain being deficient in using lactose as a 

20 carbon source is' added to normal skimmed or unskimmed milk in a desired 
cohcentratioii; so that the consumer will incorporate the probiotic strain with drinking 
the milk, which strain will then exert its beneficial actions within the intestinal tract or 
the consumer. 

25 In addition, since the strains are still able to translate the fi-galactosidase gene and 
produce the corresponding polypeptide they may assist in the digestion of lactose in the 
gut, since upon lysis of the micro-organisms in the gut the cellular material inclusive the 
B-galactosidase will be set free and will exert its enzymatic activity. 

30 The probiotic strain will, however, not grow in the lactose containing food product. 
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such as milk, yoghurt etc, such that the product may be stored in the refrigerator for the 
same time period as the food product without being complemented with the probiotic 
strain. 

5 In order to achieve the diesired goal a probiotic Lactic acid bacteria strain may be 
constructed, that has a mutation in the lac-operon such that lactose may not be utilized 
as the carbon source but still translates the B-galactosidase gene .^Preferably, the 
mutation lies within a structural gene, that is withia...the lactose operon, e.g. the 
permease, but it may well lie within a regulatory region of the Lac operon or a control 
10 gene outside of the Lac operon. 

The construction of probiotic strains deficient in utilizing lactose as the carbon source 
may be effected by means of recombinant technology. To this end e.g. a structural gene 
selected from the permease gene that has been mutated such that the . gene product 
15 thereof is not or is essentially not functional any more, is inserted into the location of 
the natural structural gene, by means of e.g. homologous recombination, with the effect 
that lactose may not be utilized by the micro-orgsmism any more. Methods to genetically 
engineer Lactic acid bacteria are within the general knowledge of the skilled artisan. 

20 However, such strains are preferably produced by. conunon methods, such as mutation 
and selection or by simply selecting ^ for a spontaneous mutation exerting a selective 
pressure on a culture of Lactic acid bacteria. 

According to a particularly preferred embodiment the probiotic strains are the micro- 
25 organisms deposited under the accession no. CNCM 1-2369 and CNCM 1-2474. These 
. strains have been derived from the lactic acid bacterium CNCM 1-1225, available from 
the Pasteur Institute, that has the capability to displace Heliobacter pylori from intestinal 
cells. 

30 The products to which the strains described herein are to be added are preferably milk 
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derived products, since milk contains mainly lactose as the carbon source for lactic acid 
bacteria. To this end "value added" products, such as milk, yoghurt, curd, cheese, 
fermented milks, ice-cream etc. may be produced by simply adding the probiotic Lactic 
acid bacteria, deficient in using lactose as the carbon source to the product. 

5 

Thff following examples are for illustrative purposes only without limiting the invention 
thereto. ^ 

Example 1: 

10 Isolatioa of mutants of Lai (CNGM - 1225) 

Natural mutants of Lai were prepared in a two step process. In a first step the bacterial 
strain was grown in a medium containing 1% yeast extract, 1% tryptone, 1% lactose 
and different concentrations of penicillin (2.5/tg/ml). 
15 . d 

The ratio behind this procedure was that bacteria capable to use lactose will eventually 
grow and will be killed by the antibiotic. In contrast thereto, bacteria unable to use 
lactose will not grow and consequently not incorporate the antibiotic and stay alive. 

20 In a second step surviving bacteria were plated on MRS (Difco Laboratories, MI, USA) 
plates containing X-gal, a substrate for 6-galactosidase. This substrate is known to pro- 
duce a blue coloured product upon cleavage by B-galactosidase. Thus, bacteria still 
capable to use lactose, should transcribe the structural polypeptides of the lac-operon, 
inclusive 6-galactosidase, and will develop a blue colour, while mutants unable to use 

25 lactose should remain white. From 200 colonies, several mutants (light blue colonies) 
could be isolated. 
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Example 2: 

Stability of the mutants 

Five colonies that remained light blue during the experiment according to example 1 
5 (and showed a IJ-galactosidase activity) were further investigated for the genetic stability 
of the mutation. To this end, the corresponding strains were cultivated in a volume of 
10 ml of MRS milk supplemented with yeast extract (0.2%). After 12 hours of 
incubation at 37 °C an aliquot of 0.05 ml of the culture was used to inoculata,another 
volume of 10 ml of MRS supplemented milk as above. Each transfer of 0.1 ml to 
10 another volume was determined to be 6 generations. The stability was assessed on the 
basis of the natural mutants b8ing unable to acidify the supplemented milk supplemented 
with yeast extract (0.2%)as above upon incubation, which can be visualized by the 
coagulation of casein micelles occurring at lower pH values. 

15 The stability was assessed on the basis of the natural mutants being able to acidify the 
supplemented milk as above upon incubation, which can be visualized by the 
coagulation of casein micelles occurring at lower pH values. It could be shown that the 
five natural mutants did not acidify the supplemented milk even after 100 generations 

20 The bacteria were further investigated whether they were derived from the original 
starter culture Lai. In this respect total DNA was isolated from both the mutant and the 
starter strain and were digested with the restriction enzyme Muni under the conditions 
recommended by the supplier (Boehringer, Mannheim). 

25 The DNA was transferred to an agarose gel (0.8%) and run for six hours. According to 
the pattern of DNA fragments generated it could be shown that the DNA of Lai and the 
mutants were essentially identical indicating that the isolated mutants were not 
contaminating bacteria. 
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Example 3: 

Properties of Lai mutants 

5 Two mutants were selected for further characterization and deposited at the Institute 
Pasteur with the accession nos. I - 2369 and 1-2474. 

Bacteria were grown in milk supplemented with 0.2% yeast extract in the. presence or 
absence of 1 % glucose and incubated overnight. Growth of bacteria was determined by 
10 measurement of the pH of tlie fermented products (table 1). 



NCC 


CNCM - 1 


PH 


pH glu 


OD420 


533 (Lai) 


1225 


4.1 


4.2 


.24 


2655 


2369 


5.8 


4.3 


.67 


2680 


2474 


6.0 


4.4 


.07 ; 



TaBle legend: 

Internal reference (NCC) 
15 Accession no at the pasteur institute (CNCM) 
pH of fermented milk (pH), 

pH of fermented milk supplemented with 1% glucose (pH glu); and 
p-galactosidase activity (OD420) of Lai and its mutants. 

20 The two mutants are unable to grow in milk. Hence, they can not ferment lactose, and 
have a lactose-negative phenotype. In the presence of glucose, bacteria can grow and 
growth is comparable to that of the wild type Lai . 

The P-galactosidase activity was determined by incubating equivalent amounts of the 
25 bacteria (by optical density at 600nm) in a phosphate buffer (100mm sodium phosphate 
pH 7.0, 1 xnM MgCl2) in the presence of ONPG (0.5 mg/ml ortho-nitrophenyl-B-D- 
galactopyranoside) after permeabilisation with 0.1% Triton X-100 (30 min at room 
temperature). Although that both mutants have a Lac-minus phenotype, they are 
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genetically different. NCC 2680 is unable to metabolise ONPG after pei-meabilisation. 
This result indicates that the mutation had affected the p-galactosidase gene or a 
region/gene directly regulating its expression. The expressed p-galactosidase activity of 
strain NCC 2680 is strongly reduced. NCC2655 is still able to metabolise ONPG. In 
5 fact, the results (table 1) showed that its P-galactosidase is even more expressed than 
that of its mother strain, Lai. In this case, p-galactosidase is still active and another 
gene of the lac operon or its regulation as beenaffected to explain the inability ofstrain 
NCC2655 td metabolise lactose. 

10 Example 4: 

Product prepared with Lai mutants 

UHT processed millc at 3.7% fat was inoculated with the mutants of Lai (CNCM 1-2369 or 
CNCM 1-2474) (2% in a volume of frozen concentrated culture). The frozen concentrate 
15 contained 5x10^ cells/ml. The inoculated milk was mixed, distributed in 150ml plastic jars or 
tetra-pack type packaging and directly stored at temperature of 8°C. 

A milk product was obtained which did not acidify during a shelf life of 14 days. 

20 In summary from the above it may clearly be seen that the mutants described in the 
present specification are particularly suitable as an addition to milk products, since they 
impart the probiotic properties to said products, while not negatively affecting the shelf 
life of the resulting product. 
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TRAITE DE BUDAPEST SUR LA RECONNAISSANCE 
INTERNATIONALE DU DEPOT DES MICRO-ORGANISMES 
AUX fINS DB LA PROCEDURE EM MATIERE DE BREVETS 



EOKMULE INTERNATIONALE 



I DE 



ESTINATAIRE 



Soci§t6 des Produits Nestl6 S.A. 
Patents Department 
Avenue Nestl^ 55 
CH-1800 Vevey 



RECEPISSE EN CAS DE DEPOT INITIAL, 
delxvrc cn vcrtu de la regie 7.1 par 
I'AUTORITE DE DEPOT INTERNATIONALE 
identi£i£e au baa de cecce page 



L 



NOM ET ADRE5SE 
DU DEPOSAHT 



J 



I, IDENTIFICATION DU MICRO-ORGAN ISME. 

^ 



Reference d * Identification donxi^e par le 
DEPOSANT : 

NCC 2655 



Numero d*ordre attribue par 
l»AUTORiTE DE DEPOT INTERNATIONALE 

I - 2369 



II. DESCRIPTION SCIENTIFIQUE ET/OU DESIGNATION .TAXONOMIQUE PROPOSEE. 



Lc micro- or ganisne identif ie ' sous chlffre I etait accoropagne : 

[U[ d*une description acicntifiquo 

I Jul ' d*une designacion taxonomique proposee 

(Cocher ce qui convient) 



III, RECEPTION ET ACCEPTATION 



La presente autoritfi de depot internationalc accepte le nicro-organlsme Identific sous 
chiffre I. qu»Qlle a re9U le 17 DECEMBRE 1999 (date du d6p6t initial ) ^. 



IV. RECEPTION D'UNE REQUETE EN CONVERSION 



La presente autorite de dSpot internationalc a re^ti le micro-organisme identifie sous 
chiffre 1 le <date du dfipdt Initial) 

et a re9Ai une requetc en conversion du depot initial en dep6t conforme au Traitfi de 
Budapest le (date de reception de la requete en conversion) 



V. AUTORITE DE DEPOT INTERNATIONALE 



Nom 



Adresse 



CNCM 

Collection Nationale 

de Cultures de Microorganismes 



INSTITUT PASTEUR 

28, Rue du Docleur Roux 
F-75724 PARIS CEDEX 15 



Signature's) de la (des) personne(s) 
coinpetente(5) pour representer I'autoritfi 
de depot internationale ou A&\* id^s} 
employe (s) autorise(s) : G^rg^WAGENEB 



Date : Paris, le 04 fevrier 




1 En cas d » app lication de la T&gle 6.4.d), cette date esc la date k laquel|Le le statut 
d*autorite de depoc internationale a Ste acquis. 



Formule BP/ A (page unique) 



BNSOOCID: <WO OlBei50A1J«> 
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CNCM 

National Collection of 
cultures of micro-organisms 
INSTITUT PASTEUR 
25, Rue du Docteur Roux 
F-75724 PARIS CEDEX 15 

Tel: (33-1) 45 68 82 50 
Fax: (33-1) 45 68 82 36 
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Paris, May 09, 2000 



M. Roman Vuille 
vice-president 

SOCIETE DES PRODUITS NESTLE S.A. 

Patents Department 

Avenue Nestle 55 ^^ ^ 

CH-1 800 VEVEY (Switzerland) 



Via fax to numbers (0041) 21 924 28 80 / (0041) 21 785 89 25 



OurRef. (N/R); 
Obj. 

C/C 



CNCM 7460.005 

Registration of a bacterium with regard to a deposit for the purposes 

of the Treaty of Budapest 

Mr. J.-E. GERMOND and Mrs. Aline MAMIN 

Nestle Research Center, Vers-chez-les-Blanc, Lausanne 



Sir, 

with the present letter, we confirm to you that we have received today with regard to an 
initial deposit according to the rule 6.1 of the treaty of Budapest twelve lyophUized 
samples relating to the here-below identified bacterium. 

Your deposit project has been registered at the CNCM 
with date of May 9, 2000 under the following number: 



Identification refisrence , . Registration number CNCM 

•,;f^]|rGg^2680 y-- -'U' .y^'-'-yi-f^'^ fi'^' 

If a deposit is accepted, the order number given by the CNCM is identical with the 
registration number and the date of the deposit is the date of the registration. 

Remaining at your disposition, 

I ask you to trust. Sir, in the assurance of my distinguished appreciation. 



Georges WAGENER 



wo 01/88150 




PCT/EPO 1/04941 



Claims 



1. Probiotic lactic acid bacterium, which is deficient in using lactose as a carbon 
source and which still essentially translates the fi-galactosidase gene. 

5 • 

2. The Lactic acid bacterium according to claim 1, which is selected from Lacto- 
bacillus johnsonii, Lactobacillus gasseri, Lactobacillus acidophilu^r Lactobacillus 
rhamnosus, Lactobacillus casei and Lactobacillus reuteri. 

10 3. The Lactic acid bacterium according to claim 1 or claim 2, wherein the lactic 
acid bacterium has a mutatiori such that lactose may not be utilized as the carbon source. 

4. The Lactic acid bacterium according to claim 3, wherein the mutation lies in a 
structural gene of the Lac operon, in a gene regulating the expression of the Lac operon 

15 or in a control region of the Lac operon. 

5. The Lactic acid bacterium according to claim 4, wherein the mutation lies in any 
of the permease gene. . 

20 6. The Lactic acid bacterium according to claim 1, which is CNCM 1-2369 and 
CNCM 1-2474. 

7. Use of a Lactic acid bacterium according to any of the preceding claims for tlie 
preparation of a food product. 

25 

8. The use according to claim 7, wherein the food product is a milk derived 
product. 

9. The use according to claim 8, wherein the product is selected from milk, 
30 yoghurt, curd, cheese, fermented milk^, ice-cream. 
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10. Food product, containing a probiotic lactic acid bacterium according to any of the 
claims 1 to 6. 

5 11. The food product according to claim 10, which is selected from milk, yoghurt, 
curd, cheese, fermented milks or ice-cream. 
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